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Discussion and Decision
1
Introduction

An objective of the new radio (NR) study item [1] is to identify and develop technology components being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
The following agreements were made in RAN WG1 meeting #84bis:

· NR, it is necessary to support more than one values of subcarrier-spacing

· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer

· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)

· Alt.2 Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length

· Note: Other values are not excluded

· Note: other alternatives are not precluded

· FFS: exact value of a particular value and possible values of N

· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85

In this contribution we present comparison between proposed base subcarrier-spacings and related scaling principles. The subcarrier scaling principles are discussed further in [4]
2 Discussion
Next list summarizes the most important KPIs from the new radio numerology point of view [2]:
(a) Scalability: The 5G numerology needs to carrier frequencies up to 100 GHz and carrier BW up to 1 GHz. The sampling rates and corresponding subcarrier spacing should be 2N from the one base sampling rate to facilitate efficient implementation of multiband base stations and multiband fronthaul interface
(b) Usability for new subframe types: The 10 ms radio frame should consist of an integer multiple of subframes and a subframe should have sufficient number of symbols to facilitate a bidirectional subframe consisting of M OFDMA symbols:

· 0…(M-1) symbols for DL

· One or more symbols for GP

· 0…(M-1) symbols for UL

(c) Usability for short burst transmission: Numerology should allow for transmission time interval less or equal than 0.125 ms in order to meet 0.5 ms user plane latency requirement of URLLC.
Additionally, when designing the 5G New Radio air interface, special attention should be paid on the coexistence with LTE. Co-existence means compatible subframe/radio frame timing to allow fluent switching between 4G and 5G or compatible subcarrier spacing to allow in-band coexistence with LTE. 

(d) Reuse system clock with LTE: The 5G system should be designed so that the maximum amount of hardware resources e.g. system clock and interfaces are common for both LTE and 5G. 

(e) Coexistence with LTE TDD: When dealing with TDD systems, it should be possible to run 4G and 5G in the same hardware resources e.g. in such that Tx/Rx timing of both systems can be aligned without additional guard time. It should be possible to run 5G NR (based on LTE clock) in such a way that it’s possible to align transmissions with the granularity of one LTE symbol. This kind of requirement is needed e.g. when considering LTE TDD and special subframes (DwPTS and UpPTS).
(f) 
In-band coexistence with eMTC/NB-IoT: In order to allow in-band coexistence without guard band, it should be possible to run 5G system with 15kHz subcarrier spacing and symbol timing according to LTE.

The three different base sampling rate alternatives are listed in Table 1 and exponential scaling with N=2 scaled numerologies are presented in Table 2.
Table 1: Three sampling rate alternatives for 20 MHz carrier
	Numerology
	Alt 1
	Alt 2
	Alt 3

	Clock Rate [Mchip/s] 
	30,72
	35,84
	30,72

	sub-carrier space [kHz] 
	15
	17,5
	17,07

	Ts[us] 
	66,67
	57,14
	58,58

	(I)FFT size 
	2048
	2048
	1800

	# of used subcarriers for 90 % eff.
	1200
	1029
	1055

	# symbols per 0.5ms
	7
	8
	8

	CP [us]  
	4,69/5,21
	5,36
	3,91

	CP Overhead  [%] 
	6,67
	8,57
	6,25


Table 2: Three sampling rate alternatives with 2N scaling, N=2 for 80 MHz carrier
	Numerology
	Alt 1
	Alt 2
	Alt 3

	Clock Rate [Mchip/s] 
	122,88
	143,36
	122,88

	sub-carrier space [kHz] 
	60
	70
	   68,27

	Ts[us] 
	16,67
	14,29
	14,65

	(I)FFT size 
	2048
	2048
	1800

	# of used subcarriers for 90 % eff.
	1200
	1029
	1055

	# symbols per 0.125 ms
	7
	8
	8

	CP [us]  
	1,17/1,30
	1,34
	0,98

	CP Overhead  [%] 
	6,67
	8,57
	6,25


Additional higher sub-carrier spacing candidate suggested is 75 kHz, a 5x derivative of the base 15 kHz sub-carrier spacing. From radio implementation perspective, usage of 122.88 Msps sampling rate (exponential 2N scaling with N=2) would produce more optimal design compared to usage of 153.6 Msps (linear scaling, N=5) sampling rate. The main benefit argued for 75 kHz was better performance at ~30 GHz bands. In [3] it appears that 60 kHz sub-carrier spacing does not lose to 120 or 240 kHz sub-carrier spacing even in 40 GHz.

Suitability of alternatives for the base sub-carrier spacing for the new radio is given in Table 3 by taking account listed KPI’s.

Table 3: Suitability of alternatives for new radio
	KPI
	Alt 1
15 kHz
	Alt 2

17.5 kHz
	Alt 3 17.07 kHz
	Comment

	Sampling rates and corresponding subcarrier spacing scales 2N from the one base sampling rate
	Yes
	Yes
	Yes
	

	Radio frame dividable to multiple of subframes and subframe have sufficient number of symbols to facilate bidirectional subframe,
	Yes
	Yes
	Yes
	Alt 1: 7 or 14 symbols/per subframe
Alt 2&3: 4, 8 or 16 symbols/per subframe

	Subframe dividable for short transmission bursts ≤ 0.125 ms
	Yes
	Yes
	Yes
	All value allows 1 OFDMA symbol transmission needed for 0.5 ms user plane latency

	Reuse system clock with LTE
	Yes
	No
	Yes
	

	Coexistence with LTE TDD: Possibility to align transmissions with the granularity of one LTE symbol.
	Yes
	No
	No
	

	In-band coexistence with mMTC/NB-IoT
	Yes
	No
	No
	


3
Conclusions
We have discussed various system aspects related to the selection of the base subcarrier spacing for NR Summarizing the discussion above, we do not see a need to introduce other base subcarrier spacing than 15 kHz used for LTE neither from performance nor flexibility point of view. Introduction of other value would lead to difficult coexistence between LTE and unnecessary increase in the UE and the base station complexity.
Proposal: The base sub-carrier spacing of 15 kHz should be adopted as the base sub-carrier spacing to scale from
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